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I 
摘要 
随着经济的发展，能源和环境问题越来越突出。人们为降低温室效应的影响、
解决大气中有机气体的污染等问题做了很多探索，其中有机多孔材料的研究成为
了一种新的解决方案。越来越多的科研工作者投入到有机多孔材料的设计与合成
中，有机多孔材料的意义也不再局限于二氧化碳的捕捉、有机气体的吸附和氢气
的储存等领域，而是扩展到催化、分离、药物输送和电池应用等一系列的相关领
域。然而，有机多孔材料的迅速发展掩盖不了其在设计、合成及应用方面所面临
的挑战。例如，降低超交联多孔聚合物的生产成本并丰富其初始原料，从而制备
出低成本、高性能的目标材料，为解决实际问题提供方案；在有机多孔材料的源
头设计阶段，深入理解多孔结构的形成机理，并通过有效手段进行控制，制备出
高性能的有机多孔材料；充分利用多种致孔方法的优点，设计思路制备多级孔材
料；结合有机多孔材料的特点和优势，积极探索其应用，解决当前的能源、环境
问题。围绕着这些挑战和问题，本论文主要从以下三个方面展开研究： 
（1）以常见的添加剂和润滑剂苯基甲基硅油（PMS）为原料，设计两步法的
策略，成功制备出一种新型的多级孔材料。PMS 由硅氧主链和硅原子上的苯基或
甲基构成，这种独特的化学结构，是制备多级孔结构的理想条件。第一步，主链
上的苯基作为超交联反应的活性点，得到三维网络结构—前驱体（HCP）；第二步，
用化学方法刻蚀掉三维骨架中的硅原子，最终得到多级孔材料（F-HCP）。高的比
表面积和稳定的骨架结构，使该多级孔材料对二氧化碳和常见有机蒸气具有优异
的吸附性能。 
（2）以工业副产物硫和双马来酰亚胺为原料，利用逆硫化反应，结合固体溶
剂在致孔过程中起的作用，成功制备出首例含硫有机多孔材料（S-HCP）。在制备
过程中，不能自聚的双马来酰亚胺作为交联剂，将硫编织成三维网络结构。双马
来酰亚胺结构中存在的刚性骨架（苯基和马来酰亚胺基），赋予 S-HCP 高的孔隙率。
另外，该材料中含有的杂原子（氮原子），提升了材料对气体的吸附性能。该思路
将多孔材料的知识应用到解决实际环境问题方面，进一步拓展了工业副产物硫的
应用价值。 
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II 
（3）以聚苯乙烯为原料，利用两步法，合成出具有微米孔/纳米孔的多级孔聚
合物膜（HPPM）。该膜中两种不同尺寸的孔分别来自两个步骤。其中，微米孔是
六方堆积的有序孔，形成于聚苯乙烯溶液的溶剂挥发过程；纳米孔形成于聚苯乙
烯结构中苯基的编织构筑。这两种孔结构增大了氮气的吸附和高温下的传热速率，
因此，HPPM 既具有比较高的比表面积又拥有比较好的热稳定性。该研究思路证
明了利用不同致孔方法制备多级孔材料的可能性，为多级孔材料的方法学研究提
供了新的素材。 
 
关键词：有机多孔材料；制备；应用；吸附
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Abstract 
With the development of economy, the issues of energy and environmental have 
become more and more serious. In order to reduce the influence of the greenhouse 
effect and solve the pollution of the organic gas in the atmosphere, a lot of explorations 
have been done, especially on the porous organic materials. More and more researchers 
engaged in the design and synthesis of different types of porous organic materials, the 
significance of which is not limited in the adsorption of gases, such as carbon capture, 
hydrogen storage, and the adsorption of organic gases, but extended to catalysis, 
separation, drug delivery and battery applications and some related areas. However, the 
rapid development of porous organic materials cannot cover up the challenges in the 
design, synthesis and applications. For example, how to reduce the production cost of 
hyper-crosslinked porous polymer and enrich the range of raw materials, which were 
utilized to prepare ideal porous organic materials with high performance and low cost, 
to provide the solutions for settling practical problems; in the design stage of porous 
organic materials, deepen the understanding of the mechanism of pore formation and 
the utilization of effective means to control pore structures; integrate other methods of 
pore formation into hypercrosslinked polymers to prepare hierarchical porous materials; 
actively explore the applications of porous organic materials to solve the current energy 
and environmental issues, combining with the characteristics and advantages of 
different kinds of porous organic materials. Around these challenges and problems, the 
thesis mainly contains three aspects as follows: 
(1) A new type of porosity-enhanced materials from hypercrosslinked polymer 
(HCP) precursors were successfully designed and prepared via a two-step strategy. First, 
the polymer PMS was cross-linked via Friedel−Crafts reaction, yielding a porous 
polymer; in the second step, chemical etching removed PMS segments and created 
additional micropores on the HCP (F-HCP). This strategy enriches the range of raw 
materials for HCPs, and the unique structural feature of PMS offers the opportunity to 
postmodify the porosity of the prepared HCPs through chemical methods. For example, 
厦
门
大
学
博
硕
士
论
文
摘
要
库
Abstract 
IV 
through changing the cross-linking and etching conditions, the surface areas, pore size 
distribution, and other properties can be adjusted easily. Because of their large surface 
areas and favorable pore structures, the PMS-based porosity-enhanced materials exhibit 
excellent adsorption capacity for CO2 and VOCs, good CO2/N2 selectivity, and superior 
tolerance to acid.  
(2) The first novel sulfur-containing porous organic material (S-HCP) was prepared 
with by-product sulfur and commercial raw bismaleimide as raw material using inverse 
vulcanization reaction. In the process, sulfur knits bismaleimide, which cannot take 
place self-polymerization, into three-dimensional network. The rigid skeleton endows 
the network large porosity (BET specific surface area could reach 450 m
2
/g). In addition, 
the heteroatoms, such as nitrogen atoms, could enhance the adsorption performance of 
sulfur-based porous materials for carbon dioxide and organic vapors. The concept of 
combining the knowledge of porous materials with the discarded energy and solving the 
practical environmental problems further expands the application value of the industrial 
by-product sulfur. 
(3) Hierarchically porous polymer membranes (HPPM) with micro pores and nano 
pores were synthesized by a two-step method, which combined BF process with 
hypercrosslinking posttreatment. One level of uniform macropores was produced by BF 
process, while the other level of micropores was created via a sequent hypercrosslinking 
reaction. These two kinds of pore structures in the polystyrene film enhance the 
adsorption of nitrogen and heat transfer at high temperature, which endowed HPPM 
with a large specific surface area and excellent chemical and thermal stabilities. The 
strategy demonstrated the possibility and enriched the methodologies of preparing 
hierarchically porous materials with different pore forming methods.  
 
Key Word: Porous Organic Polymer; Preparation; Applications; Adsorption 
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